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Stobadine is a potent scavenger o f  OH" radicals generated chemically in a free solut ion with k 2 higher than 10 t°- M t .s-t as determined by two 
independent methods,  namely destruction of  deoxyribose and oxidation of  2-keto-4-mcthiolbutyr ic acid (KMBAL The high efficacy o f  stobadine 
to prevent ethylene production from K .~BA ~a~ observed also in enzymatic  (xanth ine-xanthine oxidase-driven Fenton) and membrane-bound 
(NAOPH-dependent  mierosoma! electron t rans fer )sources  o f  OH" radicals. 
Pyridoindole: Stobadine: Hydroxyl radical scavenger; Deoxyr ihose assay; KMBA assay 
I. INTRODUCTION 
Stobad ine ,  a nove l  d rug  w i th  the  pyr ido indo le  s t ruc -  
tu re  ( ) - c i s -2 ,8 -d imethy l -2 ,3 ,4 ,4a ,5 ,9b-hexahydro - I  H -  
pyr ido - [4 ,3 -b ] indo le ,  was  found  to  exh ib i t  ant ia r -  
rhythmic  proper t ies  and  proved  e f f i c ient  in  t reat ing  
acute  i schemia  fo l low ing  myocard ia l  in fa rc t ion  [1]. The  
ant iox idant  p roper t ies  o f  s tobad ine ,  demonst ra ted  by  
i t s  ab i l i ty  to  p revent  l ip id  perox idat ion  in  i schemic - re -  
per fused  bra in  t i ssue  [2], microsomal  membrane  o f  l i ver  
[3], and  mode l  phosphat idy lcho l ine  l iposomes  [4], were  
suggested  to  account  fo r  the  mechan ism o f  the  card io -  
p ro tec t ive  ac t ion  o f  the  drug  [5]. 
S ince  Ondr ias  et  a l .  [4] showed the" ab i l i ty  o f  s to -  
bad ine  to  compete  w i th  DMPO in  t rapp ing  OH"  rad ica l s  
in  the  ESR sys tem,  ~, ~" cons idered  it wor thwh i le  to  s tud  " 
the  in teract ion  o f  th i s  d rug  w i th  OH"  in  more  deta i l .  
In  the  present  work  we used  two  chemica l  methods  
fo r  detect ing  OH"  rad ica l s ,  namely  deoxyr ibose  
ox idat ion  to  th iobarb i tu r i c  (TBA) - react ive  products ,  
and  e thy lene  product ion  f rom 2-keto -4 -meth io lbutyr i c  
ac id  (KMBA) .  
2. MATERIALS  AND METHODS 
2.1. Reagents 
Stobadine dihydrochloride was synthesized at the Institute o f  Or- 
ganic Chemistry and Biochemistry, Czechoslovak Academy of  
Sciences. Prague. Deoxyribose, KMBA,  xanthine,  xanthme oxidase. 
NADP' .  glucose 6-phosphate,  glucose 6-phosphate dehydrogcnase 
were from Sigma~ TBA was from Fluka. Other chemicals were ob- 
tained from local commercial  sources and were of  analytical grade 
quality. 
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2.2. l~eoxyriboxe assa.t' 
[Degradation o f  deoxyr ibose by OH" was measured as in [6]. Hy- 
droxyl radicals were generated chemically by a mixture o f  Fe( l i l L  
EDTA,  ascorbic acid and H20> The reaction mixtures contained the 
following reagents at the final concentrat ions:  20 mM phosphate  
buffer, pH 7.4, 100 MM EDTA,  20 aM F¢4:71~, 2.8 mM deoxyribose, 
I mM H202 and 0.1 mM ascorbic acid. Tube contents  (1.0 ml) were 
incubated at 37°C fo* t h, then TBA-react ive products  were de- 
termined as in [7]. 
2.3. KMBA assay 
The product ion o f  ethylene from KMBA was assayed by the head- 
space gas chromatography  procedure as in [8]. The  chemical model 
system used to generate OH" consisted of  0.2 mM EDTA,  0.1 mM 
Fe(NH4)2(SO)4)~ and 1.7 mM ascorbie acid in 20 mM phosphate  
buffer, pH 7.4. Two enzymat ic  model  systems were used to generate 
OH" radicals: one was the xanth ine-xanth ine oxidase-driven Fenton 
reaction. The reaction mixture contained 20 mM phosphate  buffer. 
pH 7.4, 20 MM EDTA,  5 MM Fe(NH4).,(SO)2, 0.5 mM xanthin¢, 0.025 
O of  xanthine oxidase and 50 MM H.-t-)2 in a final vo lume of  I.~ ml; 
the second was the membrane-bound NAOPH-dependent  mic rommal  
electron transfer s~stem. Hepatic microsomes f rom male Wistar  rats 
were prepared as described elsewhere [3]. The reaction system con- 
sisted o f  40 mM phospha:c  huller,  pH 7.4, 6 mM Mr,el2, 6 mM 
glucose 6-pho,~phate. 0.6 mM NADP" ,  I U/ml glucose 6-phosphate 
dehydrogenase,  i m i  sodium azide, 25 aM Fc(NH4)2(SO4),., 50MM 
EDTA and  about  1.5 mg/ml microsomal  protein. The  reaction mix- 
tures were incubated at 27°C in the t--re,enee o f  var ious amounts  o f  
stobadine and I mM KMBA ~0r 60 rain. 
3. RESULTS 
3 .1 .  Deoxyr ibose  assay  
Deoxyr ibose  degradat ion  was  e f f i c ient ly  d imin ished  
by  s tobad ine .  F ig .  ! shows  that  in  the  concent ra t ion  
~ange 0 .1 -2  mM the  inh ib i t ion  by  s tobad ine  exh ib i t s  
s imp le  compet i t ion  k inet i cs  ( l inear  cor re la t ion  >0.98  fo r  
each  exper iment ) .  F rom the  s lopes  o f  the  exper imenta l  
l i nes  approx imate  va lues  o f  the  socond-order  ra te  con-  
s tant  fo r  the  react ion  between s tcbad in¢  and  OH"  were  
ca lcu la ted .  In  a ser ies  o f  6 exper iments  the  average  va lue  
obta ined  was  (+/ -  SEM)  1 .59  +/ -  0 .11  × 10t° .M-~.s  -t .  
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Fig. i. Inhibit ion o f  OH' -dependent  deoxyribose degradat ion (O) and 
KMBA oxidat ion (O) by stobadine in pare chemical systems produc-  
ing hydroxyl radicals. For  experimental  condit ions ee Materials and 
Methods.  The rate constant  ks was determined [9] from the slope of  
the lines F / I -F  = ks/ko-[D] x [$1, where F is the percentage inhibit ion 
value at a part icular concentrat ion o f the scavenger [SI and at the fixed 
concentrat ion of  the detedtion molecule [O]. The rate constants,  tco. 
used in the calculat ions (expr~-~ssed as -M t-s-t)  were 19  x 10 t° for 
dcoxyribos¢ [10] and  7.8 x 10 t° for KMBA [9]. The kinetic plots are 
restllts f rom two representative experiments• 
3 .2 .  KMB,4  assay  
I n  o rder  to  conf i rm the  OH' -scaveng ing  ab i l i ty  o f  
s tobad ine ,  a complete ly  d i f fe rent  detect ion  method 
based  on  the  ox idat ion  o f  KMBA [8] was  used .  S to -  
bad ine  e f fec t ive ly  prevented  ox idat ion  o f  KMBA,  w i th  
the  ICsa  va lue  shown in  Tab le  I. In  the  concent ra t ion  
range  0 .25-2  mM s imple  compet i t ion  p lo ts  were  ob-  
ta ined  (F ig .  l ) ,  w i th  good  l inear  cor re la t ion  (>0.98)  fo r  
each  exper iment ,  wh ich  gave  the  average  (+/ -SEM)  
va lue  o f  1.41 +/ -  0 .17×101° .M~l -s  i (n=6)  fo r  the  sec -  
ond-order  ra te  constant  o f  s tobad ine .  
The  inh ib i t ion  e f fec t  o f  s tobad ine  on  KMBA ox ida-  
t ion  wa,,; s tud ied  in  two  o ther  OH' -generat ing  sys tems:  
an  enzymat ic  sys tem,  i .e.  the  xanth ine-xanth ine  ox idase-  
d r iven  Fenton  react ion ,  and  a membrane-bound en-  
zymat ic  sys tem,  i.e. NADPH-dependent  mic rosomai  
e lec t ron  t rans fer .  In  both  sys tems s tobad ine  suppressed  
Table I 
Stobadine inhibit ion of  ethylene product ion from KMBA in different 
OH'-generat ing systems 
System studied* IC~0 value (mM)  
Ascorbatc -Fe-EDTA 0.81 +/ -  0.10 (6) 
Xanth ine-Xanth ine  ox idase-Fe-EDTA 0.93 +/ -  0.14 (5) 
M ic rosomes-NADPH-Fe-EDTA**  0.74 +/ -  0.21 (5) 
*For  complete experimental  condit ions ee Mater ials and Methods.  
Results are mean values +/ -  SEM with the number  o f  experiments in
parentheses. 
**In the absence of  NADPH-generat ing  system no measurable 
amount  of  ethylene was produced. 
Table | I  
Summary  of  experimental values of  the second-order rate constants 
for the reaction of stobadine with OH" radicals 
Method Source o f  OH" ks × 10 I° 
I M- ' - s  'i 
KMBA assay Ascorbate-Fe-l~l')TA 1.41 +/ -  O.i 7 ( , )  
Deoxyribose assay Ascorbate-Fe-EDTA-H:O2 !.59 +/ -  0.11 (6) 
DMPO spin trapping Fe-ADP-H20 z !.7" 
*Calculated from the experimental data of  Ondr ias et al. [4] 
e thy lene  fo rmat ion  w i th  an  e f f i cacy  comparab le  to  that  
observed  in  the  pure  chemica l  sys tem (Tab le  !) .  
4.  D ISCUSSION 
Stobad ine  was  found to  be  a power fu l  scavenger  o f  
OH"  rad ica ls .  I t s  OH' -scaveng ing  ab i l i ty  is  character i zed  
by  a second-order  ra te  constant  h igher  than  l × 10 t°- M-1  
• s t in  both  deoxyr ibose  and  KMbA assays  (see  
Tab le  I I ) .  
Us ing  ESR spect roscopy ,  Ondr ias  e t  a l .  [4] found that  
s tobad ine  e f f i c ient ly  competed  w i th  DMPO in  t rapp ing  
OH"  rad ica ls  generated  in  a Fenton- type  react ion .  F rom 
the  concent ra t ion  dependence  s tudy  presented  by  these  
authors  an  es t imate  o f  the  second-order  ra te  constant  
fo r  the  react ion  o f  s tobad ine  w i th  OH"  was  rnade ,  g iv ing  
the  va lue  o f  1.7 × 10m-M kt .s  ~, wh ich  is  in  good  agree-  
ment  w i th  our  resu l t s  (Tab le  ] I ) .  
The  potency  o f  s tobad ine  to  prevent  e thy lene  produc-  
t ion  f rom KMBA,  character i zed  by  ICs0 va lue ,  was  
compared  fo r  3 d i f fe rent  OH' -generat ing  sys tems:  a 
chemica l  sys tem,  an  enzymat ic  sys tem,  and  a 
membrane-bound enzymat ic  sys tem.  As  shown in  Tab le  
I c lose ly  re la ted  ICso  va lues  were  obta ined  fo r  a l l  th ree  
sys tems s tud ied ,  suggest ing  that  s tobad ine  is an  e f f i c ient  
scavenger  o f  OH"  rad ica ls  p roduced not  on ly  ~n a f ree  
so lu t ion  but  a l so  in  a membrane.  However ,  th i s  hy -  
pothes is  needs  fu r ther  cor roborat ion  s ince  K MBA is  
not  a s t r i c t ly  spec i f i c  scavenger  o f  OH"  rad i=a ls  [1 !]. 
I t i  conc lus ion ,  these  s tud ies  demonst ra te  that  s to -  
bad ine  is a potent  OH"  rad ica l  scavenger .  Th~ ~. ab i l i ty  o f  
s tobad ine  to  scavenge f ree  rad ica ls  may cont r i t~ote  to  i t s  
card ioprotect ive  proper t ies .  
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